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INTRODUCTION  
Concrete is a building material that is widely used since the roman times until present day. 
It is composed mainly of four parts which are water, fine aggregate, coarse aggregate and 
cement. Additives and reinforcements are usually included in order to achieve the desired 
physical properties of the finished material. 
Due to sustainability concern, researchers have studied the potential materials that can be 
used as the material replacement in the concrete in order to conserve the natural resources. Based 
on previous studies, laterite soil is one of the potential materials that can be used as the 
replacement of fine aggregates in concrete. The availability of laterite soil locally and in 
abundance is a perfect sample to study as it is cheap and the cost of obtaining it is very low. 
Other advantages includes lateritic concrete structures have potentially sufficient strength 
compared to normal concrete (Lasisi & Ogunjimi, 1984). Meanwhile, palm oil fuel ash or 
commonly known as POFA is one of the agriculture waste produced from the palm oil industries. 
Based on previous study, it has proved that POFA has the potential to be used as the cement 
replacement in the concrete due to its pozzolanic characteristic which gives optimum strength 
with the 30% of cement replacement in which it could increase 10% of normal concrete strength 
(Neville, 2011). Specifically, this study focused on the effect of replacing fine aggregate and 
cement with lateritic soils and palm oil fuel ash on the compressive and tensile strength of 
resulted concrete.  
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LITERATURE REVIEW 
 
Laterite 
Laterites are soil types rich in iron and aluminium that is formed in hot and wet tropical 
areas. Most laterites are in rusty-red colour due to the presence of iron oxides in them. Laterites 
are form by intensive and long lasting weathering of the underlying parent rock. According to the 
past research, laterite could be used as sole fine aggregate for making structural concrete ( Ettu & 
Ibearugbulem, 2013). Such laterized concrete is especially useful for concrete that is under mild 
condition where they are reasonably protected and away from harsh weather. In addition, 
Increase in replacement of sand by laterite will cause an increase in the workability of the 
concrete containing laterite. Whereas for the percentage of absorption of water decreases with 
the increase of sand replace. The strength of the laterite concrete also generally increases with 
age but decrease with the increase of replacement level of sand by laterite (Felix & Udeme, 
2005). 
 
Palm Oil Fuel Ash (POFA) 
Palm oil fuel ash or commonly known as POFA is the ashes produced from husk fiber 
and shell of palm oil burning by generation plant boiler which generate energy to be used in 
palm oil mill in order to extract palm oil. Past research indicate that a high volume of palm oil 
fuel ash (POFA) containing in the concrete showed a slower gain in strength at early age just like 
other concrete containing pozzolanic material (Awal & Hussin, 2011). In addition, concrete 
produced by using particular level of palm oil fuel ash (POFA) replacement achieved same or 
more strength as compared to normal Portland cement concrete. There are no significant strength 
reduction of concrete is observed up to 30 % of replacement of cement with POFA (Karim, 
2011). Meanwhile, other research by (Ahmad & Omar, 2008) found that compressive strength of 
POFA concrete shows its optimum at 15% of POFA replacement level. Therefore, from these 
researches, it showed that POFA could be a potential material as cement replacement in concrete. 
Besides, it also can be seen that, the replacement of optimum amount of POFA in the concrete 
mix could 
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METHODOLOGY 
 
Preparation of Materials 
Laterite  
Laterite was obtained from nearby supplier. It was dried and sieved in order to remove foreign 
material such as grass, metals and large stone or rocks. Drying of laterite was kept natural and 
the use of oven was avoided in order to prevent from over drying. 
Palm Oil Fuel Ash (POFA) 
Palm oil fuel ash (POFA) was collected from the palm oil factory. It was dried and sieved in 
order to separate the palm oil fuel ash (POFA) from the unwanted foreign material. It was also 
kept in a thick and securely tighten plastic bag in order to prevent it from being exposed to 
moisture. 
Other Concrete Mix Components  
Both fine and coarse aggregate were supplied by the University Tun Hussein Onn Malaysia’s 
Material Structure Laboratory. The cement used was the Ordinary Portland type cement and the 
water used was tap water which was free from any impurities and inorganic matters. 
Preparation and Casting of Laterite-POFA Concrete Specimen 
For carrying out the test, 6 types of concrete mixes were prepared in which all mixes have 
different percentages of replacement of laterite and palm oil fuel ash (POFA). Table 1 shows the 
6 samples casted for the test. 
In order to produce the sample, it was earlier design by using the DOE method of concrete mix 
design with a characteristic strength of 30 MPa and a water cement ratio fixed at 0.5. Table 2 and 
Table 3 show the concrete mix design of the samples according to weight for both in cube mould 
and cylindrical mould. 
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Table 1: Type of concrete sample 
Concrete Sample OPC 
(%) 
Laterite 
(%) 
POFA 
(%) 
P0L0 100 0 0 
P0L25 100 25 0 
P0L50 100 50 0 
P15L0 85 0 15 
P15L25 85 25 15 
P15L50 85 50 15 
  
 
Table 2: Concrete mix design for compressive strength test 
 
Sample Cement 
(kg) 
Water 
(kg) 
Fine 
aggregate 
(kg) 
Course 
aggregate 
(kg) 
POFA 
(kg) 
Laterite 
(kg) 
7 day 
(no. of 
sample) 
28 day 
(no. of 
sample) 
P0L0 9.11 4.55 12.10 22.44 0 0 3 3 
P0L25 9.11 4.55 9.075 22.44 0 3.025 3 3 
P0L50 9.11 4.55 6.05 22.44 0 6.05 3 3 
P15L0 7.75 4.55 12.10 22.44 1.36 0 3 3 
P15L25 7.75 4.55 9.075 22.44 1.36 3.025 3 3 
P15L50 7.75 4.55 6.05 22.44 1.36 6.05 3 3 
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Table 3: Concrete mix design for tensile strength test 
Sample Cement 
(kg) 
Water 
(kg) 
Fine 
aggregate 
(kg) 
Course 
aggregate 
(kg) 
POFA 
(kg) 
Laterite 
(kg) 
28 day 
(no. of 
sample) 
P0L0 7.16 3.58 9.48 17.62 0 0 3 
P0L25 7.16 3.58 7.11 17.62 0 2.37 3 
P0L50 7.16 3.58 4.74 17.62 0 4.74 3 
P15L0 6.08 3.58 9.48 17.62 1.074 0 3 
P15L25 6.08 3.58 7.11 17.62 1.074 2.37 3 
P15L50 6.08 3.58 4.74 17.62 1.074 4.74 3 
  
Laboratory Testing 
 
• Workability Test 
Freshly mixed sample was tested for their workability by using the slump test. 
 
• Compressive Strength Test 
Sample was moulded in cube of 150 mm x 150 mm x 150 mm sizes where it was cured for 7 and 
28 days. 
 
• Tensile Strength Test 
Sample was moulded in cylindrical shape of 150 mm in diameter by 300 mm height and was 
cured for 28 days. 
 
RESULT AND DISCUSSIONS 
 
• Workability 
Based on Figure 1, both the control or P0L0 and P15L0 depict acceptable slump results 
of 70mm and 65mm as the intended slump design was between 60 – 80 mm. This shows that the 
workability of both of the concrete mixture will be able to fill in the mold perfectly if they were 
cast. But, for mixture P0L25, P0L50, P15L25 and P15L50 which contain laterite of 25% and 
50% indicate a huge drop in workability as the measurement of slump drop ranging from 10mm 
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to 30mm. This indicate that the addition laterite significantly increase the water demand as water 
was absorbed by the laterite and palm oil fuel ash (POFA). 
 
Fig. 1. Comparison chart between each sample mix 
 
• Compressive Strength Test 
 Referring to the Figure 2, the mixture that produces the highest strength on the 7th days 
was the control sample which is P0L0 with an average strength of 34.8 MPa followed by P0L25 
at 27.0 MPa, P0L50 at 21.3 MPa, P15L0 with 21.1 MPa, P15L25 at 19.5 MPa and P15L50 
depicting the lowest strength of 15.1 MPa. From the data obtained, it can be concluded that 
increase in the percentage of laterite soil in the mixture of concrete would produce a much lower 
compressive strength of concrete. This might be due to the weak bonding of laterite soil with the 
coarse aggregate and palm oil fuel ash with an addition of low water content. 
 
 
Fig. 2. Compressive strength of concrete against age of concrete 
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• Tensile Strength Test 
Based on Figure 3, it can be concluded that addition of palm oil fuel ash (POFA) into the mixture 
aids the concrete in increasing the tensile strength of concrete as P15L0 depict a higher tensile 
strength compared to the control sample with a difference of 0.07 MPa in strength. Both the 
sample containing laterite soil only and palm oil fuel ash (POFA) only shows a good tensile 
strength, but the mixture of these two does not aid and strengthen the concrete in terms of tensile 
further as mixture of the two at a 15% palm oil fuel ash (POFA) and laterite at 25%, P15L25 
only produces 1.64 MPa. Further increasing the percentage of laterite up to 50%, P0L50 and 
P15L50 shows a weaker tensile strength at 1.43 MPa and 1.19 MPa. This might be due to the 
problems carried over from the fresh concrete which is low in water content. 
 
 
Fig. 3. Tensile strength of POFA-Laterite Soil concrete 
 
CONCLUSIONS 
 
The following conclusion can be drawn from this investigation:- 
1. Addition of laterite in concrete mix would increase the water demand of the mixture where 
absorption of water occur hence reducing the water content of the mixture which then affect the 
workability of the concrete mix. 
2. Optimum replacement of laterite soil was 25% shown by sample P0L25 which depict 
acceptable compressive strength of 37.0 MPa and tensile strength of 2.10 MPa. 
0
0.5
1
1.5
2
2.5
3
3.5
P0L0 P0L25 P0L50 P15L0 P15L25 P15L50
Strength
(Mpa)
Concrete Materials. Series 1 2017 
ISBN 978-967-0764-84-9 
15 
 
3. Though palm oil fuel ash (POFA) depict a promising result, mixing both laterite and palm oil 
fuel ash (POFA) does not aid or increase the compressive nor the tensile strength of the concrete. 
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